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(54) DOPPLER-TYPE ULTRASONIC FLOWMETER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high versatile 
Doppler-type ultrasonic flowmeter which can easily and 
accurately measure the flow rate of fluid to be measured 
flowing inside various kinds of fluid piping without being 
in contact. 

SOLUTION: The Doppler-type ultrasonic flowmeter is 
composed of an ultrasonic transmitting means 1 5 which 
injects ultrasonic wave pulses into a fluid pipe 1 1 from 
an ultrasonic transducer 20, a means for measuring 
distribution of fluid velocity 1 6 which receives ultrasonic 
echoes reflected from a measuring region in the fluid 
pipe 11 and measures the distribution of fluid velocity of 
the fluid to be measured 12, a means for calculating flow 
rate of fluid 17 which calculates the flow rate from the 
distribution of fluid velocity of the fluid to be measured 
12. and a setting means for selecting frequency 19 which 
automatically selects the basic frequency of the 
ultrasonic wave causing a resonating/ transmitting 
phenomenon from the ultrasonic transducer 20. The 
setting means for selecting frequency 1 9 controls and drives the ultrasonic transmitting means 
1 5 so that the ultrasonic wave with an optimal frequency selected is transmitted from the 
ultrasonic transducer 20. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An ultrasonic transmitting means to carry out incidence of the ultrasonic pulse to the 
measured fluid which flows the inside of fluid piping from an ultrasonic transducer, A velocity- 
distribution measurement means to receive the ultrasonic echo reflected from the measurement 
field in fluid piping among the ultrasonic pulses by which incidence was carried out to the 
measured fluid, and to measure the velocity distribution of the measured fluid in the above- 
mentioned measurement field, A fluid flow rate operation means to compute the flow rate of a 
measured fluid based on the velocity distribution of the above-mentioned measured fluid, It has a 
frequency-selective setting means to choose automatically the fundamental frequency of the 
supersonic wave which produces a resonance-transparency phenomenon from an ultrasonic 
transducer to the tube wall of said fluid piping. This frequency complement setting means is a 
Doppler type ultrasonic flowmeter characterized by carrying out actuation control of said 
ultrasonic transmitting means so that the supersonic wave of the selected optimum frequency 
may be oscillated from an ultrasonic transducer. 

[Claim 2] Said oscillation frequency complement setting means is the Doppler type ultrasonic 
flowmeter according to claim 1 with which the oscillation frequency of an ultrasonic pulse was 
chosen so that an accommodation setup of the oscillation frequency of the ultrasonic pulse 
oscillated from an ultrasonic transducer might be carried out automatically and the integral 
multiple of the ultrasonic half-wave length might serve as wall thickness of fluid piping. 
[Claim 3] The amplifier for an oscillation with which said oscillation frequency complement 
setting means oscillates the supersonic wave of a necessary oscillation frequency from an 
ultrasonic transducer, The oscillation frequency adjustable equipment which enables an 
accommodation setup of adjustable [ of the oscillation frequency of this amplifier for an 
oscillation ], A frequency-domain setting means to operate oscillation frequency adjustable 
equipment in the frequency domain specified beforehand, An ultrasonic receiving means to 
receive the ultrasonic echo reflected from the measurement field in fluid piping among the 
ultrasonic pulses oscillated from said ultrasonic transducer. It is the Doppler type ultrasonic 
flowmeter according to claim 1 or 2 with which it had the reflected wave on-the-strength 
extract means which extracts the reinforcement of the received ultrasonic echo and is made to 
memorize, and extract selection actuation of an oscillation frequency is repeatedly performed, 
and the optimum frequency of a supersonic wave chose said oscillation frequency-selective 
setting means automatically. 

[Claim 4] Said Doppler type ultrasonic flowmeter is further equipped with the incident angle 
accommodation setting means which carries out an accommodation setup of whenever [ incident 
angle / of the ultrasonic pulse by which incidence is carried out into a measured fluid from said 
ultrasonic transducer ]. So that this incident angle accommodation setting means may serve as 
whenever [ incident angle / which an ultrasonic pulse makes produce a resonance-transparency 
phenomenon to the tube wall of fluid piping ] The Doppler type ultrasonic flowmeter according to 
claim 1 which prepared the ultrasonic transducer in fluid piping possible [ an accommodation 
setup ]. and combined said frequency-selective setting means and the incident angle 
accommodation setting means. 
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[Claim 5] An ultrasonic transmitting means .to carry out incidence of the ultrasonic pulse to the 
measured fluid which flows the inside of fluid piping from an ultrasonic transducer, A fluid 
velocity-distribution measurement means to receive the ultrasonic echo reflected from the 
measurement field in fluid piping among the ultrasonic pulses by which incidence was carried out 
to the measured fluid, and to measure the velocity distribution of the measured fluid in the 
above-mentioned measurement field, A fluid flow rate operation means to compute the flow rate 
of a measured fluid based on the velocity distribution of the above-mentioned measured fluid. It 
has the incident angle accommodation setting means which carries out an accommodation setup 
of whenever [ incident angle / of the ultrasonic pulse by which incidence is carried out into a 
measured fluid from said ultrasonic transducer ]. This incident angle accommodation setting 
means The Doppler type ultrasonic flowmeter characterized by preparing an ultrasonic 
transducer in fluid piping possible [ an accommodation setup ] so that it may become whenever 
[ angle-of-incidence / which an ultrasonic pulse makes produce a resonance-transparency 
phenomenon to the tube wall of fluid piping ]. 

[Claim 6] The ultrasonic transducer by which said angle-of-incidence accommodation means 
was formed in fluid piping from the outside. Whenever [ incident angle / of the ultrasonic pulse 
oscillated from this ultrasonic transducer ] The incident angle translator in which an 
accommodation setup is possible, An incident angle field setting means to operate the above- 
mentioned incident angle translator within the limits of the incident angle field specified 
beforehand. Receive the ultrasonic echo reflected from the measurement field in fluid piping 
among the ultrasonic pulses oscillated from said ultrasonic transducer, and the reinforcement of 
an ultrasonic echo is extracted. It is the Doppler type ultrasonic flowmeter according to claim 5 
with which it had a reflected wave on-the-strength extract means to memorize, and extract 
selection actuation of whenever [ ultrasonic pulse incident angle ] is repeatedly performed, and 
said incident angle accommodation setting means chose whenever [ optimal ultrasonic pulse 
incident angle ] automatically. 

[Claim 7] Said ultrasonic transducer is the Doppler type ultrasonic flowmeter according to claim 
5 or 6 which carried out an accommodation setup of whenever [ angle-of-incidence / of the 
ultrasonic pulse oscillated from an ultrasonic transducer ] by preparing whenever [ champing- 
angle ] in the outside of fluid piping free [ accommodation ]. and choosing whenever [ champing- 
angle / of the above-mentioned ultrasonic transducer] by the angle-of-incidence translator. 
[Claim 8] It is the Doppler type ultrasonic flowmeter which is equipped with the ultrasonic 
transducer migration device make the 1st supersonic wave by which it was prepared in fluid 
piping, a transducer, the 2nd ultrasonic transducer estranged and prepared in the shaft 
orientations of fluid piping from this ultrasonic transducer, and the 1st ultrasonic transducer 
move relatively [ transducer / 2nd / ultrasonic ], and is characterized by to be arranged both 
said supersonic-waves transducer so that the ultrasonic pulse oscillated may intersect 
perpendicularly in the measurement field in fluid piping. 

[Claim 9] With the reflected wave receiver which receives the ultrasonic echo which is a 
reflected wave, respectively from the measurement fleld in fluid piping of the ultrasonic pulse by 
which said Doppler type ultrasonic flowmeter was oscillated from said 1st and 2nd ultrasonic 
transducers A velocity vector calculation means to compute the velocity vector of the direction 
of an ultrasonic measurement line from the ultrasonic echo reinforcement received with each 
reflected wave receiver, respectively. It has further a rate-of-flow vector calculation means to 
compute the rate-of-flow vector of a measured fluid from the vector sum of the velocity vector 
computed with each velocity vector calculation means. The Doppler type ultrasonic flowmeter 
according to claim 8 which computes the flow rate of a measured fluid from the velocity 
distribution of the direction of a measurement line in fluid piping computed with the rate-o^-flow 
vector calculation means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the Doppler type ultrasonic flowmeter which 
measures the flow rate of a measured fluid using the doppler shift of a supersonic wave, 
especially adjusts automatically whenever [ optimum frequency / of a supersonic wave /. or 
optimal incident angle ]. and relates to the Doppler type ultrasonic flowmeter which can be set 
up. 

[0002] 

[Description of the Prior Art] It is divided roughly into the flowmeter which measures the rate of 
flow and flow rate of the measured fluid which flows the inside of fluid piping by two kinds by the 
measurement principle. 

[0003] The 1st flowmeter measures a flow rate using the amount of processes of flowing fluid 
changing the inside of fluid piping to a flow direction, and there is an orifice meter in this kind of 
flowmeter. An orifice meter measures a flow rate by the orifice upstream and the downstream 
using the pressures of a fluid differing, and calls such a flow rate measurement approach 

average approximation" below. 
[0004] The 2nd flowmeter is mainly used for the hydrometry of the flow in piping, such as a tube. 

[0005] The rate of flow of an one point of the flow in piping, for example, the predetermined point 
on a tube axis, is measured, the velocity-distribution configuration in piping is assumed from a 
theoretical value based on the obtained measured value, this flowmeter is integrated with this 
velocity-distribution configuration, and a flow rate Is calculated. Such a hydrometry approach is 
called approximation integration" below. 

[0006] The ultrasonic flowmeter which irradiates a supersonic wave at the measured fluid which 
IS the measuring object, and measures the flow rate of a fluid in a flowmeter on the other hand is 
known. 

[0007] It is divided roughly into what measures a flow rate by average approximation in this 
ultrasonic flowmeter, and the thing which measures a flow rate by approximation integration. 
[0008] The ultrasonic flowmeter which adopted average approximation is with the case where an 
ultrasonic pulse progresses towards the upstream of the flow of a fluid in the time amount taken 
for an ultrasonic pulse to pass through for two points of fixed spacing, and that case where it 
progresses towards the lower stream of a river of flow conversely, it uses that only the rates of 
the flow of a fluid differ, asks for the mean velocity for two predetermined points, and measures 
a flow rate. 

[0009] Moreover, the ultrasonic flowmeter which adopted approximation integration finds the rate 
of the measured fluid of one on the medial axis of piping using the doppler shift method, 
measures a flow rate from this fluid rate, and has some which were indicated by JP,6-294670,A. 
The ultrasonic flowmeter of this approximation integration is integrated in quest of the form oif a 
velocity distribution from a theoretical value or a rule of thumb. For example, in the laminar-flow 
field in piping, since a velocity distribution appears in a parabola, it can calculate a flow rate by 
using the boundary condition in a tube wall using the fluid rate measured on the medial axis. 
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Since this theoretical solution is strictly materialized to the flow of a steady state, the ultrasonic 
flowmeter of approximation integration can be applied only to the flow of a steady state, and 
cannot respond to the flow of an unstationary state. 

[0010] Generally, the flow of viscous fluid is well known as an equation (henceforth a NS 
equation) of Navia SUTOUSUKU (Navier-Stokes). The conventional ultrasonic flowmeter 
disregards the time amount differential term of a NS equation, and is calculating the flow rate 
using the knowledge of flow distribution over a steady state. For this reason, a flow rate is 
changed in time, when the flowing space (flow field of a fluid) where approximation integration is 
not enacted is the measuring object, the accuracy of measurement falls remarkably or there is a 
possibility that the effectiveness of a measurement result may be spoiled. 
[0011] The flowing space where the fluctuation time amount of a flow rate system is shorter 
than time amount required as such flowing space to take out an average stream flow, and the 
flowing space where flow is not fully developed are mentioned. In the case of the former, the 
time amount differential term of a NS equation does not become zero, and, in the case of the 
latter, single dimension approximation of a NS equation is not materialized. 

[0012] Since it was flow rate measurement of the flow of a steady state while it is necessary to 
take the very long in-run who makes the upstream offer example, a measurement part 
stationary-ize flow and the conventional flowmeter takes time amount, cost, and an effort in a 
piping facility, in order to be flow rate measurement in a steady state and to perform hydrometry 
in sufficient precision, it was difficult to perform flow rate measurement of the flow of an 
unstationary state. 

[0013] Moreover, since the conventional flowmeter makes the average stream flow of flowing 
fluid the measuring object for the inside of closed piping, such as a tube, it cannot measure the 
local flow rate of a bigger flow rate system. For example, the characteristic flow rate 
measurement accompanied by the time variation near the inlet port of a very big mixing vessel or 
near an outlet was not able to be measured in which flowmeter. 

[0014] By the way, to the flow of the measured fluid in the flow rate place of three-dimensions 
space being expressed with the vector quantity of three dimensions, in piping, the conventional 
flowmeter assumes the flow of a single dimension and performs flow rate measurement. For this 
reason, even if it is in closed piping, when flow is in three dimensions, the accuracy of 
measurement of a flow rate gets very bad, or becomes impossible. For example, immediately 
after piping bent like elbow piping or U character-like reversal piping, the flow of a fluid is in 
three dimensions according to a centrifugal-force operation, and even if it installs the 
conventional flowmeter in such a location, flow rate measurement cannot be performed 
correctly. 

[0015] Then, this invention person etc. proposed the Doppler type ultrasonic flowmeter which 
can measure the flow rate of a measured fluid with a sufficient precision according to non- 
contact correctly by the time-dependent even if it is the flow of an unstationary state on the 
Japanese-Patent-Application-No. No. 272359 [ ten to ] specifications using the doppler shift of 
a supersonic wave. 

[0016] This Doppler type ultrasonic flowmeter applied the technique of computing a direct flow 
rate from the momentary velocity distribution of the measured fluid which flows the inside of 
fluid piping, and carried out the knowledge of having a high precision and responsibility in flow 
rate measurement of a measured fluid. 
[0017] 

[Problem(s) to be Solved by the Invention] Also in the conventional Doppler type ultrasonic 
flowmeter, to perform flow rate measurement of the measured fluid which flows the inside of 
fluid piping with simple and big versatility is desired. 

[0018] In order to measure smoothly and smoothly the rate of flow of the measured fluid which 
flows the inside of fluid piping various with a Doppler type ultrasonic flowmeter, it is necessary to 
fully secure the transparency effectiveness of a supersonic wave also to fluid piping of various 
wall thickness, and to secure sufficient reflected wave S/N ratio. 

[0019] In the conventional Doppler type ultrasonic flowmeter, the transparency property of the 
metal wall of a supersonic wave was investigated by changing the thickness of a metal wall, and 
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it has set up so that the thickness of fluid piping may become the optimal. 
[0020] However, by application to the system of a Doppler type ultrasonic flowmeter, it is 
impossible to change various thickness of fluid piping, the ultrasonic flowmeter which has the 
optimal ultrasonic transparency property for every class of fluid piping must be prepared, and 
versatility is low. 

[0021] This invention was made in consideration of the situation mentioned above, and sets it as 
the main purposes to offer the high Doppler type ultrasonic flowmeter of the versatility which 
can, easy moreover, measure correctly the flow rate of the measured fluid which flows the inside 
of various fluid piping with a sufficient precision by easy and non-contact 

[0022] Other purposes of this invention select automatically whenever [ optimum frequency / of 

the supersonic wave which produces a resonance-transparency phenomenon to the various wall 

thickness of fluid piping /. or optimal incident angle / of a supersonic wave ], and are to offer the 

Doppler type ultrasonic flowmeter which can measure the flow rate of a measured fluid with a 

sufficient precision correctly using the doppler shift of a supersonic wave. 

[0023] Furthermore, even if other purposes of this invention are the opaque or translucent 

liquids which cannot apply the optical hydrometry approach, they are to offer the Doppler type 

ultrasonic flowmeter which can measure a flow rate with a sufficient precision correctly. 

[0024] Another purpose of this invention is to offer the Doppler type ultrasonic flowmeter which 

can measure correctly the measured fluid which flows the inside of fluid piping with a sufficient 

precision, even if a revolution style and the flow which is not parallel to piping arise within fluid 

piping. 

[0025] 

[Means for Solving the Problem] In order that the Doppler type ultrasonic flowmeter concerning 
this invention may solve the technical problem mentioned above An ultrasonic transmitting 
means to carry out incidence of the ultrasonic pulse to the measured fluid which flows the inside 
of fluid piping from an ultrasonic transducer as indicated to claim 1. A velocity-distribution 
measurement means to receive the ultrasonic echo reflected from the measurement field in fluid 
piping among the ultrasonic pulses by which incidence was carried out to the measured fluid, and 
to measure the velocity distribution of the measured fluid in the above-mentioned measurement 
field, A fluid flow rate operation means to compute the flow rate of a measured fluid based on 
the velocity distribution of the above-mentioned measured fluid, It has a frequency-selective 
setting means to choose automatically the fundamental frequency of the supersonic wave which 
produces a resonance-transparency phenomenon from an ultrasonic transducer to the tube wall 
of said fluid piping. This frequency complement setting means carries out actuation control of 
said ultrasonic transmitting means so that the supersonic wave of the selected optimum 
frequency may be oscillated from an ultrasonic transducer. 

[0026] In order to solve the technical problem mentioned above, moreover, the Doppler type 
ultrasonic flowmeter concerning this invention As indicated to claim 2. said oscillation 
frequency-selective setting means An accommodation setup of the oscillation frequency of the 
ultrasonic pulse oscillated from an ultrasonic transducer is carried out automatically. As the 
oscillation frequency of an ultrasonic pulse was chosen so that the integral multiple of the 
ultrasonic half-wave length might serve as wall thickness of fluid piping, and indicated to claim 3, 
further said oscillation frequency-selective setting means The amplifier for an oscillation which ' 
oscillates the supersonic wave of a necessary oscillation frequency from an ultrasonic 
transducer, The oscillation frequency adjustable equipment which enables an accommodation 
setup of adjustable [ of the oscillation frequency of this amplifier for an oscillation ], A 
frequency-domain setting means to operate oscillation frequency adjustable equipment in the 
frequency domain specified beforehand. An ultrasonic receiving means to receive the ultrasonic 
echo reflected from the measurement field in fluid piping among the ultrasonic pulses oscillated 
from said ultrasonic transducer. The reinforcement of the received ultrasonic echo is extracted. 
It has the reflected wave on-the-strength extract means made to memorize, and extract 
selection actuation of an oscillation frequency is performed repeatedly, and the optimum 
frequency of a supersonic wave chooses said oscillation frequency-selective setting means 
automatically. 
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[0027] In order to solve the technical problem mentioned above, furthermore, the Doppler type 
ultrasonic flowmeter concerning this invention As indicated to claim 4, said Doppler type 
ultrasonic flowmeter It has further the incident angle accommodation setting means which 
carries out an accommodation setup of whenever [ incident angle / of the ultrasonic pulse by 
which incidence is carried out into a measured fluid from said ultrasonic transducer ]. This 
incident angle accommodation setting means An ultrasonic transducer is prepared in fluid piping 
possible [ an accommodation setup ], and said frequency-selective setting means and an angle- 
of-incidence accommodation setting means are combined so that it may become whenever 
[ angle-of-incidence / which an ultrasonic pulse makes produce a resonance-transparency 
phenomenon to the tube wall of fluid piping ]. 

[0028] On the other hand, the Doppler type ultrasonic flowmeter concerning this invention An 
ultrasonic transmitting means to carry out incidence of the ultrasonic pulse to the measured 
fluid which flows the inside of fluid piping from an ultrasonic transducer as indicated to claim 5 in 
order to solve the technical problem mentioned above. A fluid velocity-distribution measurement 
means to receive the ultrasonic echo reflected from the measurement field in fluid piping among 
the ultrasonic pulses by which incidence was carried out to the measured fluid, and to measure 
the velocity distribution of the measured fluid in the above-mentioned measurement field. A fluid 
flow rate operation means to compute the flow rate of a measured fluid based on the velocity 
distribution of the above-mentioned measured fluid, It has the incident angle accommodation 
setting means which carries out an accommodation setup of whenever [ incident angle / of the 
ultrasonic pulse by which incidence is carried out into a measured fluid from said ultrasonic 
transducer ]. This incident angle accommodation setting means An ultrasonic transducer is 
prepared in fluid piping possible [ an accommodation setup ] so that it may become whenever 
[ angle-o1^incidence / which an ultrasonic pulse makes produce a resonance-transparency 
phenomenon to the tube wall of fluid piping ]. 

[0029] In order to solve the technical problem mentioned above, furthermore, the Doppler type 
ultrasonic flowmeter concerning this invention As indicated to claim 6. said incident angle 
accommodation means Whenever [ incident angle / of the ultrasonic pulse oscillated from the 
ultrasonic transducer prepared in fluid piping from the outside, and this ultrasonic transducer ] 
The incident angle translator in which an accommodation setup is possible. An incident angle 
field setting means to operate the above-mentioned incident angle translator within the limits of 
the incident angle field specified beforehand, Receive the ultrasonic echo reflected from the 
measurement field in fluid piping among the ultrasonic pulses oscillated from said ultrasonic 
transducer, and the reinforcement of an ultrasonic echo is extracted. It has a reflected wave on- 
the-strength extract means to memorize. Said incident angle accommodation setting means As 
extract selection actuation of whenever [ ultrasonic pulse incident angle ] is performed 
repeatedly, and whenever [ optimal ultrasonic pulse incident angle ] is chosen automatically and 
being further indicated to claim 7 Whenever [ champing-angle ] is prepared in the outside of fluid 
piping free [ accommodation ], and said ultrasonic transducer carries out an accommodation 
setup of whenever [ angle-ofHncidence / of the ultrasonic pulse oscillated from an ultrasonic 
transducer ] by choosing whenever [ champing-angle / of the above-mentioned ultrasonic 
transducer ] by the angle-of-incidence translator. 

[0030] On the other hand, the Doppler type ultrasonic flowmeter concerning this invention The 
1st supersonic wave and transducer which were prepared in fluid piping as indicated to claim 8 in 
order to solve the technical problem mentioned above. The 2nd ultrasonic transducer estranged 
and prepared in the shaft orientations of fluid piping from this ultrasonic transducer. It has the 
ultrasonic transducer migration device in which the 1 st ultrasonic transducer is made to move 
relatively [ transducer / 2nd / ultrasonic ], and said both supersonic-waves transducer is 
arranged so that the ultrasonic pulse oscillated may intersect perpendicularly in the 
measurement field in fluid piping. 

[0031] In order to solve the technical problem mentioned above, furthermore, the Doppler type 
ultrasonic flowmeter concerning this invention As indicated to claim 9. said Doppler type 
ultrasonic flowmeter With the reflected wave receiver which receives the ultrasonic echo which 
is a reflected wave, respectively from the measurement field in fluid piping of the ultrasonic pulse 
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oscillated from said 1st and 2nd ultrasonic transducers A velocity vector calculation means to 
compute the velocity vector of the direction of an ultrasonic measurement line from the 
ultrasonic echo reinforcement received with each reflected wave receiver, respectively. It has 
further a rate-of-flow vector calculation means to compute the rate-of-flow vector of a 
measured fluid from the vector sum of the velocity vector computed with each velocity vector 
calculation means, and the flow rate of a measured fluid is computed from the velocity 
distribution of the direction of a measurement line in fluid piping computed with the rate-of-flow 
vector calculation means. 
[0032] 

[Embodiment of the Invention] The gestalt of operation of the Doppler type ultrasonic flowmeter 
concerning this invention is explained with reference to an accompanying drawing. 
[0033] Drawing 1 is drawing showing the 1 st operation gestalt of the Doppler type ultrasonic 
flowmeter concerning this invention. The Doppler type ultrasonic flowmeter 10 measures the 
velocity distribution of the measured fluids 12, such as a liquid which flows the inside of the fluid 
piping 11. and a gas, and measures a flow rate by the time-dependent in an instant. 
[0034] The Doppler type ultrasonic flowmeter 10 is equipped with the ultrasonic velocity- 
distribution measurement unit (henceforth a UVP unit) 13 which measures the rate of flow of the 
measured fluid 12 which flows the inside of the fluid piping 1 1 by non-contact. An ultrasonic 
transmitting means 15 by which the UVP unit 13 makes the ultrasonic pulse of a necessary 
frequency (fundamental frequency fO) transmit to the measured fluid 12 along with the 
measurement line ML, A fluid velocity-distribution measurement means 16 to receive the 
ultrasonic echo which is a reflected wave from the measurement field of the ultrasonic pulse by 
which incidence was carried out to the measured fluid 12, and to measure the velocity 
distribution of the measured fluid 12 in a measurement field. The computers 17. such as a 
microcomputer as a fluid flow rate operation means to carry out data processing based on the 
velocity distribution of the measured fluid 12, to integrate with radial, and to calculate the flow 
rate of the measured fluid 12 by the time-dependent, and CPU. MPU, It has a frequency- 
selective setting means 19 to select automatically the supersonic wave of the optimum 
frequency of the measured fluid 12 which flows the display 18 which can be displayed serially, 
and the fluid piping 1 1 in the output from this computer 17. 

[0035] The ultrasonic transmitting means 15 has the ultrasonic transducer 20 which oscillates 
the ultrasonic pulse of a necessary frequency, and the amplifier 21 for an oscillation as a signal 
generator which oscillates this ultrasonic transducer 20. The amplifier 21 for an oscillation is 
equipped with the oscillator (oscillator) 23 made to generate the electrical signal of the 
necessary fundamental frequency fO. and the emitter 24 (frequency Frpf) which outputs the 
electrical signal from this oscillator 23 in the shape of a pulse to predetermined every time 
interval (1-/Frpf), and the pulse electrical signal of the necessary fundamental frequency fO is 
inputted into the ultrasonic transducer 20 from the amplifier 21 for an oscillation which is this 
signal generator. 

[0036] The ultrasonic pulse of fundamental frequency fO is made to send the ultrasonic 
transducer 20 along with the measurement line ML by impression of a pulse electrical signal. An 
ultrasonic pulse is a beam of rectilinear-propagation nature which has almost no flare with the 
pulse width of about 5mm. 

[0037] The ultrasonic transducer 20 serves as the transceiver machine, and the ultrasonic 
transducer 20 receives the ultrasonic echo in which the sent ultrasonic pulse is reflected in the 
reflector in a fluid. A reflector is a foreign matter with which it is the air bubbles uniformly 
contained in the measured fluid 1 2, or is particle, such as metaled impalpable powder, or acoustic 
impedances differ in the measured fluid 12. 

[0038] It is received by the reflected wave receiver 27 and the ultrasonic echo received by the 
ultrasonic transducer 20 is changed into an echo electrical signal with this reflected wave 
receiver 27. After this echo electrical signal is amplified with an amplifier 28, digital processing is 
carried out through A/D converter 29. and it is inputted into the velocity-distribution 
measurement circuit 30 where this digital echo signal constitutes a fluid velocity-distribution 
measurement means. The electrical signal of the fundamental frequency fO from the amplifier 21 
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for an oscillation is digitized by the velocity-distribution measurement circuit 30, it is inputted 
into it. change of the rate of flow based on a doppler shift is measured from the delta frequency 
of both signals in it. and the velocity distribution of the measurement field which meets the 
measurement line ML is computed in it. The velocity distribution in the cross section of the fluid 
piping 1 1 is measurable by proofreading the velocity distribution of a measurement field with the 
tilt angle alpha. 

[0039] On the other hand, an optimum value is chosen with the frequency-selective setting 
means 19 so that the fundamental frequency fO of the ultrasonic pulse oscillated from the 
ultrasonic transducer 20 may produce a resonance-transparency phenomenon to the wall 
thickness of the fluid piping 1 1 . The metal wall transparency property of a supersonic wave 
carried out the knowledge of the very high thing, when the wall thickness of the fluid piping 1 1 
was 1/2 of the fundamental frequency fO of a supersonic wave, or its integral multiple. 
[0040] The frequency-selective setting means 1 9 which can choose freely and automatically the 
necessary fundamental frequency fO which produces a resonance-transparency phenomenon is 
incorporated to various kinds of fluid piping 11, without changing the thickness of the tube wall of 
the fluid piping 1 1 to this Doppler type ultrasonic flowmeter 10 based on this knowledge. 
[0041] The amplifier 21 for an oscillation with which this frequency complement setting means 
1 9 oscillates the supersonic wave of a necessary oscillation frequency (fundamental frequency 
fO) from an ultrasonic transducer. The oscillation frequency adjustable equipment 31 which 
enables an accommodation setup of acljustable [ of the oscillation frequency of this amplifier 21 
for an oscillation ], A fundamental-frequency field setting means 32 to operate oscillation 
frequency adjustable equipment 31 within limits beforehand specified as this oscillation 
frequency adjustable equipment 31. for example, the inside of a 200kHz - 4MHz frequency 
domain. With the reflected wave receiver 27 as an ultrasonic receiving means which receives the 
ultrasonic echo reflected from the measurement field in said fluid piping 11 The reflected wave 
on-the-strength extract means 33 which extracted the reinforcement of an ultrasonic echo 
signal and was equipped with the memory made to memorize after amplify^ing the received 
ultrasonic echo signal with amplifier 28. It has the display 18 equipped with the reflected wave 
display function on the strength as which it is extracted by this reflected wave on-the-strength 
extract means 33. and the memorized reflectivity (ultrasonic echo reinforcement) is displayed. 
[0042] Although a deer is carried out. the frequency complement setting means 1 9 carries out 
excitation of the ultrasonic transducer 20 with the amplifier 21 for an oscillation and an 
ultrasonic pulse is oscillated, the oscillation frequency fO of the amplifier 21 for an oscillation is 
determined based on the output signal of oscillation frequency adjustable equipment 31. In the 
frequency domain beforehand appointed with the fundamental-frequency field setting means 32. 
oscillation frequency adjustable equipment 31 has set up the oscillation frequency of the 
amplifier 21 for an oscillation free [ adjustable ]. 

[0043] Extract selection actuation of the oscillation frequency of a supersonic wave is 
repeatedly performed by collaboration operation of the reflected wave on-the-strength extract 
means 33 and oscillation frequency adjustable equipment 31 grade, the optimum frequency of the 
supersonic wave which produces a resonance-transparency phenomenon to the wall thickness 
of the fluid piping 1 1 is chosen automatically, and the frequency-selective setting means 19 is 
set up. 

[0044] If the optimum frequency of a supersonic wave is chosen and set up. the oscillation 
frequency of the amplifier 21 for an oscillation will be determined by the output signal from 
oscillation frequency adjustable equipment 31, excitation of the ultrasonic transducer 20 will be 
carried out with this amplifier 21 for an oscillation, and the ultrasonic pulse of the necessary 
fundamental frequency fO which is optimum frequency will be sent in the fluid piping 1 1 from the 
ultrasonic transducer 20. 

[0045] Since the ultrasonic pulse of optimum frequency is sent from the ultrasonic transducer 
20. sufficient reflected wave S/N ratio can be secured and the large signal of the ultrasonic echo 
which IS a reflected wave can be taken. In order to take a large ultrasonic echo signal, it is 
important to choose the fundamental frequency fO of the supersonic wave which produces a 
resonance-transparency phenomenon to the wall thickness (wall thickness of the measurement 
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line ML direction) of the fluid piping 11. 

[0046] If the wall thickness of the fluid piping 11 becomes the integral multiple of the ultrasonic 
half-wave length, according to a mesomeric effect, the ultrasonic permeability in the interface of 
the fluid piping 1 1 will increase remarkably, and the ultrasonic echo signal which is a reflected 
wave from the reflector of the measured fluid 12 will increase as a result of increase of 
ultrasonic permeability. 

[0047] Therefore, if the optimal fundamental frequency fO is chosen for the oscillation frequency 
of the ultrasonic pulse oscillated from the ultrasonic transducer 20 to the wall thickness of the 
fluid piping 11 by the frequency complement setting means 19, since attenuation in an ultrasonic 
path (transit way of the measurement line ML direction) will become small and the ultrasonic 
permeability in the interface of the fluid piping 1 1 will increase, sufficient reflected wave 
reinforcement can be obtained. 

[0048] In addition, in drawing 1 , a sign 35 is the contact medium which might make it have made 
it oscillate smoothly the supersonic wave oscillated from the ultrasonic transducer 20 in the fluid 
piping 1 1. The contact medium 35 is formed in order to make small the acoustic impedance by 
which is oscillated from the ultrasonic transducer 20 and incidence is carried out into the fluid 
piping 1 1 and to make sound switching good. 

[0049] Moreover, although the reflected wave receiver 27 received the ultrasonic echo which is 
the reflected wave of an ultrasonic pulse with the 1st operation gestalt. it is not necessary to 
necessarily form the reflected wave receiver 27 independently, and a reflected wave receiver 
may make it build in the reception function of the ultrasonic transducer 20. 
[0050] Next, with reference to d raw i n g 2 . the working principle of the Doppler type ultrasonic 
flowmeter 10 is explained. 

[0051] As shown in drawin g 2 (A), after only the include angle alpha has leaned and installed the 
ultrasonic transducer 20 in the flow direction of a measured fluid to the radiation direction of the 
fluid piping 11 When incidence of the ultrasonic pulse of the necessary fundamental frequency fO 
is carried out from the ultrasonic transducer 20, as this ultrasonic pulse is reflected in the 
measured fluid 12 on the measurement line ML in reflectors, such as air bubbles distributed 
uniformly and a foreign matter, and it is shown in drawing 2 (B) It is set to ultrasonic echo a 
which is a reflected wave, and is returned to the ultrasonic transducer 20. In addition, in drayying 
2 (B), Sign b is a multiple reflection echo reflected with the tube wall by the side of ultrasonic 
pulse incidence, and Sign c is a multiple reflection echo reflected with an opposite side tube wall. 
Dispatch spacing of the ultrasonic pulse sent from the ultrasonic transducer 20 is 1-/Frpf. 
[0052] And if filtering processing of the echo signal sent by the ultrasonic transducer 20 is 
carried out and a velocity distribution is measured along with the measurement line ML using the 
doppler shift method, it will be displayed like drawing 2 (C). This velocity distribution can be 
measured with the fluid velocity-distribution measurement means 16 of the UVP unit 13. 
[0053] If an ultrasonic pulse is emitted into the measured fluid 1 2 which flows the inside of the 
fluid piping 1 1, it will be reflected by the reflector of mixture or uniform distribution into the 
measured fluid 12, and the doppler shift method will serve as an ultrasonic echo, and will apply 
the principle in which only the magnitude to which the frequency of this ultrasonic echo is 
proportional to the rate of flow carries out a frequency shift. 

[0054] Moreover, the velocity-distribution signal of the measured fluid 12 measured with the 
ultrasonic fluid velocity-distribution measurement means 16 can be sent to the computer 17 as 
a fluid flow rate operation means, can integrate with a velocity-distribution signal to radial [ of 
the fluid piping 11 ] here, and can calculate the flow rate of the measured fluid 12 by the time- 
dependent If the flow rate in the time amount t of this measured fluid 12 is set to m (t). it can 
express with a degree type. 
[0055] 
[Equation 1] 
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[0056] (1) Flowing flow rate [ of time amount t ] m (t) can rewrite the fluid piping 1 1 from a 
formula to a degree type. 
[0057] 
[Equation 2] 

w(0 °Pff^(r * 6^ r * dr - de ( 2 ) 

[0058] (2) From a formula, the Doppler type ultrasonic flowmeter 10 can acquire the spatial 
distribution of the flow of the measured fluid 12 with the speed of response of instant, for 
example, 50msec(s), - 100msec extent, the case where time fluctuation exists by the case 
where sufficient run-up section cannot be taken even if the measured fluid 12 is the flow in the 
fluid piping (tube) 11. closing motion of a valve, a Start pump, a halt, etc. — the flow of a fluid — 
an unstationary state — three-dimensions distribution — although it is since this Doppler 

type ultrasonic flowmeter 10 can search for the velocity distribution of a measurement field by 
the time-dependent in an instant — the flow rate of the measured fluid 12 — a steady state and 
an unstationary state — how cannot be asked but it can ask with a sufficient precision correctly. 

[0059] Moreover, the verification test of the transparency property of the supersonic wave 
oscillated from the ultrasonic transducer 20 using the Doppler type ultrasonic flowmeter 10 
concerning this invention was performed. 

[0060] Drawing 3 is a test result which shows the wall surface transparency property of a 
supersonic wave. 

[0061] The Doppler type ultrasonic flowmeter 10 used for this trial used what minces 5kHz of 
fundamental frequency of the supersonic wave oscillated from the ultrasonic transducer 20 by 
the frequency complement setting means 19 from 200kH2 to several MHz. for example. 2MHz. 
comes out, and could be made to carry out an accommodation setup automatically. 
[0062] The wall surface radiographic examination of a supersonic wave embeds stainless steel at 
a part of acrylic piping of 250mmphi, installs the ultrasonic transducer 20 in the exterior of this 
stainless steel wall, carries out incidence of the supersonic wave, changes fundamental 
frequency and investigates the reflectivity of the supersonic wave from an acrylic piping 
opposite side-attachment-wall side. The transparency curves h. i. and j of the reflected wave 
when changing fundamental frequency by 5kH2 unit on the strength are shown. 
[0063] In the wall surface radiographic examination of a supersonic wave, the wall thickness of 
stainless steel prepared three kinds which are 9.5mm. 11.5mm. and 13mm. Draw ing 3 shows the 
example of a wall surface radiographic examination of the supersonic wave by the stainless steel 
of 9.5mm of wall thickness. An axis of abscissa is the fundamental frequency fO of a supersonic 
wave, and an axis of ordinate is the reflectivity of the supersonic wave from an opposite wall. 
The characteristic frequency of three kinds of used ultrasonic transducers is 0.25MHz. 0.5MHz. 
and 1MHz, and the transparency curve on the strength is expressed with Signs h. i, and j. 
respectively. 

[0064] On the other hand, in drawing 3 . arrow heads I. m. and n show the oscillation frequency 
wavelength of a supersonic wave, and the relation of the wall thickness of stainless steel, and 
show a 1/2, 1 time of the wall thickness of stainless steel, and 3/2 twice as many frequency 
location as this from the one where ultrasonic wavelength is lower. 

[0065] When using a 1MHz ultrasonic transducer, for example, and it doubles with the wall 
thickness of stainless steel piping, fundamental frequency is set as about 910kHz and flow rate 
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measurement is performed from drawing 3 . it turns out that the transparency property of a 
supersonic wave is good. The transparency curve j of a frequency on the strength is understood 
that the transparency reinforcement of a reflected wave is high in the location of an arrow head 
n. 

[0066] Next, based on the transparency property of the supersonic wave shown in drawing 3 , 
fluid piping of the carbon steel (bore of 150mm) of 9.5mm of wall thickness was prepared, the 
thing with a characteristic frequency [ of the ultrasonic transducer 20 ] of 1MHz was used, a 
selection setup of the fundamental frequency fO oscillated from the ultrasonic transducer 20 was 
carried out with the frequency-selective setting means 19 at 910kHz, and the velocity 
distribution of a measured fluid was measured. 

[0067] The time average velocity-distribution result of the measured fluid obtained by this 
measurement trial is shown in drawing 4 . The measure point of the velocity distribution of a 
measured fluid was performed in 60mm - 150mm. Although it was more difficult than the tubing 
core of fluid piping of carbon steel to acquire velocity distribution sufficient for reflection of the 
supersonic wave in the interior of a wall in a near side (the range of 0mm - 60mm). from the 
tubing core, in the measurement field by the side of them, the effect of a wall surface did not 
appear in the velocity distribution of the measured fluid 12. but the comparatively smooth 
average velocity-distribution curve O was obtained. 

[0068] From this average velocity-distribution cun/e O, by integrating with an average velocity 
distribution within the fluid piping 11. it is accurate and the flow rate of the measured fluid 12 
which flows the inside of the fluid piping 1 1 can be measured a contacted condition. 
[0069] Drawing_5 is drawing showing the 2nd operation gestalt of the Doppler type ultrasonic 
flowmeter concerning this invention. 

[0070] Doppler type ultrasonic flowmeter 10A shown in this operation gestalt changes the wall 
thickness of the fluid piping 1 1 , and you may make it produce a resonance-transparency 
phenomenon as an approach of raising the S/N ratio of a reflected wave instead of selecting the 
optimum frequency of the ultrasonic pulse by which incidence is carried out into the fluid piping 

[0071] However, the means by which it is impossible to change the thickness of the fluid piping 

1 1 in practice, and it is equivalent to changing the thickness of the fluid piping 1 1 is given by 

changing whenever [ champing-angle / of the ultrasonic transducer 20 ], 

[0072] The 2nd operation gestalt carries out an accommodation setup of the alpha with the 

incident angle accommodation setting means 40 whenever [ incident angle / of the ultrasonic 

pulse oscillated from the ultrasonic transducer 20 ]. and selects automatically whenever 

[ incident angle / of the supersonic wave which suits the wall thickness of the fluid piping 1 1 ]. 

The same sign is given to the same member as the Doppler type ultrasonic flowmeter 10 shown 

in the 1st operation gestalt, and explanation is omitted. 

[0073] Doppler type ultrasonic flowmeter 10A shown in drawing 5 is replaced with the frequency 
selection setting means 19, and establishes the incident angle accommodation setting means 40. 
[0074] The ultrasonic transducer 20 by which the incident angle accommodation setting means 
40 was able to prepare whenever [ champing-angle ] in the fluid piping 1 1 free 
[ accommodation ] from the outside. Whenever [ incident angle / of the ultrasonic pulse 
oscillated from this ultrasonic transducer 20 ] The incident angle translator 41 which can 
accommodation set up alpha. Within the limits of the incident angle field specified beforehand, for 
example, an incident angle field setting means 43 by which alpha operates the incident angle 
translator 41 possible [ change ] whenever [ incident angle ] within the limits of the include- 
angle field width efface which is five - 45 degrees. Receive the ultrasonic echo reflected from 
the measurement field in said fluid piping 1 1 . and the reinforcement of an ultrasonic echo is 
extracted. It has a reflected wave on-the-strength extract means 44 to memorize, and the 
ultrasonic echo reinforcement extracted and memorized with the reflected wave on-the- 
strength extract means 44 is displayed with the display 18 equipped with the reflected wave 
display function on the strength. 

[0075] The incident angle translator 41 is a device to which it was made to change alpha in 
about five - 45 degrees whenever [ incident angle / of a supersonic wave ]. and by the output 
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signal outputted from this incident angle translator 41, an accommodation setup of said incident 
angle accommodation setting means 40 is automatically carried out so that whenever 
[ champing-angle / of the ultrasonic transducer 20 ] may serve as an optimum value. Whenever 
[ champing-angle / of the ultrasonic transducer 20 ] makes the champing-angle modification 
adjustment device of for example, stepping motor 46 grade drive with the output signal outputted 
from the incident angle translator 41. and is enabling an accommodation setup of the 
modification of whenever [ champing-angle / of the ultrasonic transducer 20 ]. 
[0076] alpha is an include angle formed between the vertical line on the front face of tubing of 
the fluid piping 1 1, or a vertical plane whenever [ incident angle / of the supersonic wave 
oscillated from the ultrasonic transducer 20 ]. Whenever [ incident angle / of the ultrasonic pulse 
oscillated from the ultrasonic transducer 20 ], the optimal include angle is set up with the 
incident angle accommodation setting means 40 so that a resonance-transparency phenomenon 
may be produced to the wall thickness of the fluid piping 11. 

[0077] The angle-o^^incidence accommodation setting means 40 changes the incidence include 
angle of the ultrasonic pulse oscillated from the ultrasonic transducer 20 with the output signal 
from the incidence angular-transformation device 41 by include-angle within the limits of the 
angle of incidence of about five - about 45 degrees, extracts reflected wave reinforcement with 
the reflected wave on-the-strength extract means 44, and is made to memorize. While being 
displayed with a display 18, extract selection actuation of whenever [ incident angle / of an 
ultrasonic pulse ] is repeatedly performed by the incident angle accommodation setting means 
40, whenever [ optimal incident angle / of an ultrasonic pulse ] is chosen automatically, and the 
reflected wave reinforcement memorized with the reflected wave on-the-strength extract means 
44 is selected. 

[0078] By carrying out an accommodation setup of the incidence include angle of the ultrasonic 
pulse oscillated from the ultrasonic transducer 20 by the angle-of-incidence accommodation 
setting means 40 at the optimal include angle, it becomes equivalent to that to which the wall 
thickness of the fluid piping 1 1 was changed physically, and the velocity distribution and flow rate 
of the measured fluid 12 which flows the inside of the fluid piping 11 can be correctly measured 
with a sufficient precision by the ultrasonic pulse oscillated from the ultrasonic transducer 20. 
[0079] If whenever [ incident angle / of the supersonic wave oscillated from the ultrasonic 
transducer 20 ] (penetration include angle) is changed, the travelling distance in the matter, i.e., 
the ultrasonic travelling distance in the fluid piping 11. will change. By doubling ultrasonic 
travelling distance with the integral multiple of the ultrasonic half-wave length, a resonance- 
transparency phenomenon can be produced to the wall thickness of the fluid piping 11, sufficient 
reflected wave S/N ratio can be secured, and the reinforcement of the ultrasonic echo which is 
a reflected wave can be secured. Therefore, the velocity distribution and flow rate of the 
measured fluid which flows the inside of the fluid piping 11 can be measured with a^sufficient 
precision by non-contact. 

[0080] In addition, although each operation gestalt of a Doppler type ultrasonic flowmeter 
showed the example equipped with the frequency-selective setting means 19 and the incident 
angle accommodation setting means 40, respectively, you may make it prepare for one set of a 
Doppler type ultrasonic flowmeter combining the frequency-selective setting means 19 and the 
incident angle accommodation setting means 40. If it has combining both the setting means 1 9 
and 40, it will become easy to choose automatically whenever [ optimum frequency and optimal 
incident angle ], and to set it up with a Doppler type ultrasonic flowmeter. 
[0081] Si nee the Doppler type ultrasonic flowmeters 10 and lOA shown in drawing 1 thru/or 
drawing _4 measure the flow rate of a measured fluid by the ultrasonic pulse and the line 
measuring method of the velocity distribution using the doppler shift of an ultrasonic echo, in 
order to raise the accuracy of measurement, they need to increase the number of the 
measurement lines ML, as a result the installation number of the ultrasonic transducer 23. The 
measurement line ML may do the include-angle alpha inclination of the ultrasonic transducer 20 
of N individual to the perpendicular to a tube wall by setting and installing necessary spacing in 
the hoop direction of piping 1 1 in fact, and you may set so that all the measurement lines ML 
may pass along the axis of piping 1 1 . 
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[0082] Then, supposing the flow of the measured fluid 12 which flows the inside of piping 1 1 can 
disregard radial, the flow vr of an include angle theta. and vtheta by the flow of the direction of a 
tube axis, it is set to vx»vr and Vx»vtheta. and it is simplified and flow rate measurement is 
expressed with a degree type. 
[0083] 
[Equation 3] 

«(0 - ^ • ■JfJ^^^'^ ' ' O/sina}- r-dr ( 3 ) 

[0084] Thus, the flow rate of the called-for measured fluid 12 can be displayed by the time- 
dependent with a display 18 in an instant. The velocity distribution which meets the 
measurement line ML in the fluid piping 1 1 of the measured fluid 1 2. or the velocity distribution in 
the piping cross section can also be displayed on this display 18. 

[0085] Drawing 8 shows the 3rd operation gestalt of the Doppler type ultrasonic flowmeter 
concerning this invention from drawing 6 . 

[0086] As shown in drawing 6 . Doppler type ultrasonic flowmeter 10B shown in this operation 
gestalt computes the velocity compoment V2 of a direction by the Doppler frequency whenever 
[ ultrasonic incident angle / of the measured fluid 12 which flows the inside of the fluid piping 
11 ] (penetration include angle), searches for the velocity distribution which meets the 
measurement line ML from this computed Doppler frequency by the line measuring method, and 
is computing the flow rate of the measured fluid 12. 

[0087] In this Doppler type ultrasonic flowmeter 10B, the velocity vector VI in alignment with 
the shaft orientations of the fluid piping 1 1 is computed by computing the velocity vector V2 
which meets in the direction of an ultrasonic path (measurement line ML) from the Doppler 
frequency, and carrying out division process of the velocity vector V2 by sinalpha. 
[0088] In this Doppler type ultrasonic flowmeter 10B. if the flow which is parallel within the fluid 
piping 1 1 has arisen in the fluid piping 1 1 when the flow of the measured fluid 1 2 is not parallel to 
the fluid piping 1 1 , the right rate of flow is uncomputable. For example, as shown in drawing 7 , 
when the air bubbles which have a velocity vector V3 exist, since this velocity vector V3 shares 
the velocity vector V2 of the same direction as the velocity vector VI of the measured fluid 12, 
it will compute the rate of the air bubbles of the measured fluid 12 accidentally with the shaft- 
orientations rate of the big fluid piping 1 1 seemingly. 

[0089] In order to cancel this apparent rate calculation flow rate, Doppler type ultrasonic 
flowmeter 108 is equipped with two ultrasonic transducers 20 and 20a, and attaches them in the 
fluid piping 11. One ultrasonic transducer 20 is installed so that ultrasonic transducer 20a of 
another side may be intersected perpendicularly, and it asks for both velocity vectors V2 and V4 
by both the supersonic-waves transducers 20 and 20a, respectively, and enables it to search for 
correctly the rate of flow of the measured fluid 1 2. and the rate of flow of air bubbles by 
computing the vector sum of these velocity vectors V2 and V4. 

[0090] This Doppler type ultrasonic flowmeter 108 is taken as the structure which can carry out 
movable [ of the ultrasonic transducer 20a of another side ] on the fluid piping 1 1 to one 
ultrasonic transducer 20, in order to measure the rate of flow of the measured fluid 12 correctly. 

[0091] For this reason, Doppler type ultrasonic flowmeter 108 is equipped with the ultrasonic 
transducer migration device 46 in which transducer 20a of another side is made to move 
relatively to one ultrasonic transducer 20, and as shown in the signal-processing block diagram 
shown in drawing 8 , it is constituted. 

[0092] In Doppler type ultrasonic flowmeter 10B shown in drawing 8 , it is arranged so that the 
direction of incidence of the ultrasonic pulse oscillated from both the supersonic-waves 
transducers 20 and 20a may intersect perpendicularly mutually within the fluid piping 11. That is, 
Doppler type ultrasonic flowmeter 108 is arranged so that the ultrasonic pulse oscillated from 
both the supersonic-waves transducers 20 and 20a may intersect perpendicularly in the 
measurement field in the fluid piping 1 1 . 

[0093] With the reflected wave receivers 27 and 27a with which said Doppler type ultrasonic 
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flowmeter 10B receives the ultrasonic echo which is a reflected wave, respectively from the 
measurement field in the fluid piping 1 1 of the ultrasonic pulse oscillated from both the 
supersonic-waves transducers 20 and 20a Velocity vector calculation means 47 and 47a to 
compute the velocity vector of the direction of an ultrasonic measurement line, respectively 
from the ultrasonic echo reinforcement received with each reflected wave receivers 27 and 27a. 
It has a rate-of-flow vector calculation means 48 to compute the rate-of-flow vector of a 
measured fluid from the vector sum of the velocity vector computed with each velocity vector 
calculation means 47 and 47a. The flow rate of the measured fluid 12 is computed from the 
velocity distribution of the direction ML of a measurement line in the fluid piping 11 computed 
with the rate-of-flow vector calculation means 48. 

[0094] And the ultrasonic echo of the reflected wave reflected from the measurement field in 
the fluid piping 11 of the ultrasonic pulse oscillated from both the supersonic-waves transducers 
20 and 20a is received by each reflected wave receivers 27 and 27a. respectively. The signal of 
the ultrasonic echo received with each reflected wave receivers 27 and 27a on the strength is 
changed into the velocity vector of the measurement line ML direction (the direction of a path) 
by the velocity vector calculation means 47 and 47a. The vector sum of the velocity vector of 
the acquired direction of a path is computed with the rate-of-flow vector calculation means 48, 
and the right velocity vector of the measured fluid 12 rate of flow is computed. 
[0095] The above-mentioned velocity vector calculation means 47 and 47a and the rate-of-flow 
vector calculation means 48 constitute the velocity-distribution measurement circuit 30, or the 
velocity distribution of the measured fluid 12 of the measured fluid 12 which flows the inside of 
the fluid piping 1 1 is measured along the direction ML of a path (measurement line), and the flow 
rate of the measured fluid 12 can be calculated by carrying out the operation which integrates 
with this velocity distribution in the direction of a path of a supersonic wave. 
[0096] The data in the location of a degree are extracted by moving the fluid piping 1 1 top for 
the ultrasonic transducers 20 or 20a by the ultrasonic transducer migration device 46 after 
computing the rate of flow of the location which is the rate-of-flow vector calculation means 48 
of the velocity-distribution measurement circuit 30. By carrying out migration actuation of the 
ultrasonic transducers 20 and 20a one after another by the ultrasonic transducer migration 
device 46. the whole can be asked for the velocity distribution of the measured fluid 12 covering 
the direction of a path of an ultrasonic pulse, and the flow rate can be correctly calculated by 
the operation. 
[0097] 

[Effect of the Invention] In the Doppler type ultrasonic flowmeter concerning this invention 
Establish the frequency-selective setting means which carries out a selection setup of the 
oscillation frequency of the ultrasonic pulse oscillated from the transducer of a supersonic wave 
automatically, or Moreover, since the incident angle accommodation setting means which carries 
out a selection setup of whenever [ incident angle / of the ultrasonic pulse oscillated from an 
ultrasonic transducer ] at the optimal include angle was established It can be automatically set 
as whenever [ optimum frequency / of the supersonic wave which produces a resonance- 
transparency phenomenon to the wall thickness of fluid piping /, or optimal incident angle ]. easy 
in the flow rate of the measured fluid which does not need to prepare the optimal ultrasonic 
transducer for every various fluid piping, has high versatility, and flows the inside of fluid piping - 
- and it is correctly [ easily and ] nrieasurable with a sufficient precision in the state of non- 
contact. 

[0098] Moreover, with the Doppler type ultrasonic flowmeter concerning this invention, the flow 
rate of a measured fluid can be correctly measured with a sufficient precision using the doppler 
shift of a supersonic wave, and with an optical hydrometry means, even if it is the opaque or 
translucent fluid which cannot be measured, the fluid which a revolution style, a vortex, and the 
flow that is not parallel have produced within fluid piping can also be correctly measured with a 
sufficient precision. 
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±f2ISa'J5t^{*©tSaf5-75tCS':5l,ir. llftil'JSijSf*©^ 

ffiriBfi^jg V'7>xv>a.-^t>h i*8'JSsa(*F«9«: A*f 3 

;^ © A Wft g:?r i@gi5^^-r -5 At^ft ilgp 

■a-SAW^gi!fesj;5jc. m.%^v=yyx'js^—^^ 

[1**^6] WSEAWftiglSp^SW. 

;^©A«ftK5:pgpt§:^pJfig/j: AStft^^titgi , 

Itrf f ^ > :x ^ - -y-^i p> $ n -s fflif jgy ;u 
:^© ^5 % . iS(*i5'Krt©i'j^titiS*i6SW$ n^e^?g 
xn-?:§{tO-C«#igxn-©?tK;S:}t6mO. Igltf 

HutBAWftPfip^5c^gat*. A84fta©!(ll 
mjM®«fP*^iSiMU^f^:£tonr^Jg;/:c(S^z^>'^•;^XAa^ 
ft«^&gS!)WlcjlJ;;-r-5>j:^(Cb/cf»*^5iBtSi© K v 

30 [ 7 ] BiiiBffl^)^ h V > ;^ ^ - 

7 > X i;; * -^(omiAn^^Kmn^mmici: o «jr 

se#^S^^•;^;^©AS^ft)g^P)05^ bfcs«j|?J| 5 S 
[ iS*^ 8 ] SgftffifttcSW 6 n/cH 1 ©ffl^jg <b h 

f*iBW©w:^ffii{cgipdi br^w 6nfcii2 <om.=^m v ^ 

1 teJ:CX||2©ffl^?g F^>y^S^*— 9-*»<c,^^5n/c 
ffliPiSM-;l/;^©iS<*iBWrt©i'J3c««3!pF,Jgtijg-C^) -5 

50 iSSJ5es:^i«i]©jig-<.i» Fji/«r-e-n-ensLaiT«)jig'< 



[000 1] 
(0002) 

[ 0 0 0 3 ] n 1 omsmt, mi^mmi^=k&tii>mi^ 

iTiJStffliJi f ?jS(*©JE;'a*5g^c ^ C <!: ^fijffl Lxmm=S: 

[0004] ii2©sitait(-i> ^«:Rg^©seifrt©^ 
[0 00 5] c©j^EaftT-tt. ffi'SrtcosiDn©— 

c<omi.^f5BVi'km^lyXmm.=S:^ib^ ^ayx-^^, 

[0 0 0 6] -7^, iJitan-©4^{c{j, S>j^^ar-$>^lsS^ 
?s<?sait*55a] h tix i i s . 

[0007 ] c:<Da^i^s£stt-«c«. w-i^mmimicj: 

[0008] ^i^fflfifKffi^afflojfciS^iSiiKaitw, 

■SBtMAi. S3B^?^^-<-'U::^*sjjSl*©ifen©±?jStcrSK:fr]t 
tftS^t. -?-©iStciig4a©TSfe{Cf6}W-Cittr*l^i-C. 
t^t^(om.in(Dmm.fctrt^rj: ^ c 4 ^^ijffi L, . WiM<D 2 
K©^J^iie^:5j<i?>. s£fi;£itaiJTS^>©-C?,5. 

[ 0 0 0 9 ] Siim^m^kmrnctcm'^mmmii 

i5^©*'i:^f4±©-A-c©|SaiJSii£(*:©aK?: K y 
^■^t':? hS4:^iJfflLT3}c6b, C©iiS^iiS*^iE>iJSS?r 
i+«'J-r-5fc©-t*$>0. !^pg^6 - 2 9 4 6 7 O-^^iffitC 
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S^?rtf^t^4>©-C*5. [^dxti. ffi'»F«9©aiJiE«S^-C 
fit^^^^i,tML^fSiX'^t)tH *i <E) , tUf ©i^W^# 

^(iCit^-^W^CD^til^ii UX}S.\L-r -5. ©T-$) ^© 

tmmx-^-r. 4¥^mmo>m.HiatMft'r^ctiiix 
[0010] -flstc, ^^jSttciTLntj. • X h 

10 ■?;^i'<Navier-Stokes) ©:^fiiC (Jil 

T. Ns:^?is:iii^. > <!:br^<*ne.n-ct^^,, 

*©ffl^-ffi?jJSMftt3:. N S *liS;©B$rBTO5J-JS:^MI L 

■c^'»ikmf,cn-ri,mvm%<D^i^immbxmm'S:^ 
©W5aitt*satoti-5,)**s* 

tool 1 ] cojz'itsi^mmtLx, m^it^i^^m 
B««©is^{ctt, N s :^sse©B#r^s5c^:^;<)Si2 o icrj: e> 

t^^©Ji^«:«. NS7SrSS;©-;^7ni5{H*JfiSi[L 

[0012] fie3R©ijiifin-ctt, sstiti^iciiw^t^a 

m«S'IS@B^©±?JiD[fflJ«:?jiEn?r^S^b§-ti--5>Bj3^S§^ 

A, ^N5csws©^n©gsaita'j?:tf ^> c tTjissi-c 

30 *o/c„ 

[0 0 1 3 ] S/^c. s^3fe©ijgait«. nmfiii'co^cfc 
ie^F«3«:^n2>ss^*©3Fi^ssia* i'Mstfi i -r -5 fcto , 

* * c ^ « UiPf^ is© mm^^i ^ #s5[fti;nc jjgfiita'j 
i-^-rn©jjiEait{cfct»-c4>a'J:£^sg-c*-5/c, 

[0014] i C5f . HiX7C^PBl©?jfeatitC*il^^*S 

m^WLi^<DWttnt. E.-Xjvoy^i' i-}\^mx'^t>^tii><o 

iCMUX, fie3|5©SgaH-W. IBSrttC— ;X7C©8Kn?:(R 
40 MLXi^Lm.mm'iyrj:^h(DXS):h, C©/c^si)> r*TD/c 

», SSa©a'JSffiS*5^^^tC.ll</j:-,fc«3, :^pltl<!:i^j: 
i-'«'*'ie't-^U?:tt©R^©©<j:^{cft 
If 6 n/cie«©iSmr-«. iSft©i^n*liS-c^:^3^'Pfflw: j: 
K>=:'^6^lctj:-,xi<sK), C<DJ^^rj:mmi^'i^<omm 

tt^ssur 4>s£aws'j*iESiic?f)5c 5 1: <t*<-c#fe 

(0 0 1 5 ] -&cr-, ^^mmm\t, a-gjg© k 
'^y b ^mm L xmmm^M(Di^m^^m-^i^<Di^ti 

50 -r-^rj-Cfe. B#HtS#-CiEfitcffigJ: < ^^gM-causT 
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# s H v'y^m^m^^'k^m^ 10-27235 
[0016] c© F -y y^^'^mmmnt, 

[0017] 

[0019] ^^<D K -y 7'7^a#jg?)itsitx-«. 

/c. 20 
[0 020 ] u*ii/!&:*se>. K y zfz'^mmmmMfco 

[0 02 1 ] 2t:^Bjti. ±jznu/c*tf ^^J^L-r AjrSn 

ct^^Tj:^mtr^. 30 

[0 02 2 ] :$:%BJ©<t!l<D@e<Jtt. iife<#ie'g©a^©M 

ffl'KiJi£l*(Di^a^:M#iKcD K ;7'^->:7 h ^fijffl or IE 
fiStCfflg J: < giJST hCti)iXt^\= ^W^m 

[002 3] $ ^tc:^^aj(Dffi2®aa<3«. :7K^W^agiJ 

[0024] :^^m(D%m^m\t. 'ikwimnxtmm, 

[0025] 
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^<jy^^'(suzmrs\,^x^mmM^<DmM.^n\hri,m. 

[0 02 6 ] 15 /c, ±ieLfc^®€:Wi^-r-5.fcd?>«:. 2f: 

[0 02 7 ] Se,iC. ±a!l^fciSII^&^i?i-r^;fc»i){C. 
t£LfcJ:^ec. BtiiB F :7"-5^^*a^ife«*f li. friSia 

[0 02 8 ] -yj, *^hjk:{^^ f y^^m'^-i^ms 



I 



^ > ;^ iP a — 9- ?:iJgt*iEg«:iagB S3t^J#fe«cgs:w /c fc cd 
[0 02 9 ] 3P,{c. ±^UfclSjS«r^^-r^fcJst){c, 

A*fftMJ|<©|6Hrt-C±iaAS4;ft^lS«W»^«)('F$-|±^ 
AI4ft«Hi^SS^|g t . BolBfi^a? h 5 -if *^ 

A*fftg5:gttia<)tciMiR-r?>^GDT*«3. §6tC. st^ 20 

ffi^iS h 5 - ■ 9-©K#;ftS?:A*Jft^J^^*i{C 

ma 5 *l 5fi#j^-'A-;l,;;^©A«;ftK?:l®gplSSL.rc fcO 
[0 03 0 ] j&yj, :^§imicm^ K ^^^iB^j^jl^S 

iee<Dlili:^i^{ciitra Ltsi:^ 6ti)^cm 2 h ^ > 

SJIiSr il3S-r J: 5 tclB^^ nfc ^> CD-cab -So 
[0 03 1 ] 3 etc, ±^LfciSIi=&M^ft■r^/c^^)^c, 
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[0 03 2] 

[ 0 0 3 3 ] E 1 «2|s:^Hsic<^^, h- yv^m^-<&mm. 
stti owijgftieei iF«9?:?jSns^#-?3^{*^cDiiM'j 

[0 034] K f 7-7^wig^itfiit 1 0 «, mwEsm 

<tt^^>. ) 13=Srfi^^, UVP:3.x-> h 1 Sm^srj^ 

ijiEi* 1 2 tcaij^i^M L tc?a xmmm^Wi ( 

tS[jB<l^jjSf$ 1 2(CAS^$nfcfiiPj^-'S;bxcDSiJ^M 
CPU, MPUI?<3[)3>f*-5f 1 7i, 

tj:m.7rmm. 1 8 i. iiitftiB^ 1 1 ^m.txi,mmmt i 

[0 03 5 ] m^&mm^m i 5 mmmm^(Dm^ 
c ©M«iK h 5 ^ — 9- 2 0 -If ^ft^n^ 

SiL.T©^iSfflT>:7-2 1 i^WT-S. §immr>y- 

lis (:^--^'>U-if) 2 Si, C©ffe|gS2 3*iP>©« 
»ft#5r^S©^W^|ig (l/F, „ , ) SCC/^;!/;^^^ 
^X5 v $2 4 (J^iSi^F, , , ) t^mX, 

2 0tcA;'3 3n-2). 

[0036] awifi^ i--7>:^i?:x— »f 2 0tt^^■J^7.^a 
*f,ML«:f&^rMi-a-Ui5t>6n4, jB^/<;ux«<5d^ 

[0 03 7 ] 9-2 0tijilSffigtr 

M<ar*jiD, Sifig h5>>^s^:r— 2 o«^ft$n/c 

iTl^i 2'4itc-«tc$sn^,«?ar&o?tt). ^js©® 

[003 8] ia«<gh7i^;^2^*— y-2 0«:sff sn/c 



9 

C©x:3-®M(t#{iii4sS 2 8 vmUStltcik. 

®ijrbis^^ij^iki#.4ii a t?i5iE-r -set m^ias 1 1 © 

[0 039]-^. ffl§jgh7>:3.i?^-t^2 0*^6B 
tl54i5ffl#ig?A;Ux©a:$:ffli^SSrf 0 tt, «t^K« 1 

©^)lllMjS!f#ttl3:. r^ttiS®! 1 ©Ilil^ijS^igcos 
*jai^llitf 0 ©i/2*^)t,>»-€-(Di|?^{§©i#. ^N:^ 

[0 040] cc^nrntc^-^ft . C© H f 
i,cttj:<. §a©jjiE{*i2'if 1 1 (c>Ft L, ^feiiie^jSja^^ 
micmn-c * 5 ^i^?^®!RS3e^is 1 9 i^m^^ih * nr 

(0 04 1 ] c<omm.mmvi^^m5i 1 9 e^i^ h 

to ) ©ei^jS«r#6mS-tt5^tlfflT>7'2 1 C© 

3 1 tC^fetg^Sn/cSgHM. 6ai^«2 0 0 kH z — 4 
$-tt^.S*^igl^^Stisi3:^^g 3 2 i , MIBaEftie-B 1 

1 ©ii'js?ii^*i fbmi s n.2>® x =1 - ^sfir 
fi^ijgsii^^g: i L T ©s*f?«? u 2 7 <b , s(t ^ 

nfc®^?axn-ft-^?:liifgf|2 S-CJiifiLz/d^. S# 

fcSS^jg^KJffi ffl^a 3 3 i . C ©stt<s5taa ta^i5 
ssrfflffl^n, iBtt^nfcjsi^^ (jB^iKxrj-^ 

1 8 i?rWrS. 

[0042] bA^Ur. ^jfi^aSlRSJc^S 1 9 W. ^ 
ffifflT>7'2 1 CC<i:i3a^jg?h7>;^>?^-1f 2 0^:»n 

f^X\ ^SfflT>7-2 1 ©^Jli^<&Pl^eStC^5E 

[0043] musmmms^m^^ 1 9 mmm?^m 
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«: J: 0 . ®^ig?©^ilS^jg|g(©}fiaijli^l^f'P*sJS 0 il b 

tfJ5:*5n. sfeftieei i©i2/i«:*fiy^iafl<jsja3s^* 
[0044] iia$ig©j^;iiKgj(*iiMiR3n. ta^ssn 

St. #feffi^jg?^n]^^g 3 l*ie,©ai:^Dll^tCj;i9. 
BffifflT>:?-2 l©^^jgS!(*J^$n. c©^«ffl 

T>7'2 1 JCj:«3ffl§jgh7>-;^t;a— 9-2 O^rJjnfl? 

10 i^-c. 1*-2 o*i6sa^ig?!I^T?* 

SfTS©S*JSieSft f 0 ©®it?^?''^v^x*^iig^$ffi'g 1 1 

[0 045] aWiS H !f 2 OAi<bgiaiSIjg 

Ntb*?gffi-rsci*s-c#. ssf?gT*s©wiRx3- 

20 [0046] mWESm 1 1 ©ii;5*5a^j^r}£?g^s<o^f^ 

©te:^> t^!fjjsdsf*i 2©sw^*?5i6©is:w?s^-c*-sa 

ji => - fi-^*sii AT . 
[0047] bfc*Jo-r. J??ij?!g{iH!Rt9:S^© 1 9 ic J; 
•3. !f2 0*^6^Jl§n-S)fflW?g 

[0 04 8] ts.^. SltCteO-C. W^3 5t*®#jg?h 

1'-2 o*i6#iti$n^.®^iS*ijS:($ie'g i 

•5. «M«1*3 5»®W?ah^>>^y:x— 9-2 0 7!)ie,#6 

[ 0 0 4 9 ] m jfa«iS^^^•J^;^© 

40 Slfi&-C*5aW-;gxa-5rJSt=fjSb->-/'v'2 7-C5l:r 

-sjc^ccL/c^s. ;^:<■ru4>;Slt{^^i^->'^•2 7=&#ar 
^—9-2 o©sm«tgtcrtiS5§-a-T4><tu. 

[0 0 5 0 ] y^CC. S 2 ^#flSUr K 7"7S(ja#jSiru 
Sit 1 0©ffSimil^r|ftB^-r-5. 
[0 05 1 ) 02 (A) tC^-rJr^k:, ffl^jg h5>^ 
s;=*— !^-2 O^riJgt^ifiWl l©)5»St:;^|fi]K:>tUftea/c 

iS^i'J^zj£(*©ij£n:tr[S)K: <at:t t: tag l /cetsgT- . 
jSh ^>;^i^:x— tJ-2 0*'e>B'fg©S:$:^jgSfef o ©^ 
50 «?S^<;i';^«:ASi?l±^>t, c©ffl#je/sji,x«giCE^ 
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<of^si#(^c^-?x^mo. m2 (B) ^CTj^Tcfc^cc, K 

ItiS^r^ ^M#igx - a <b >:c r h ^ > i;^ ^ 
-if 2 0tCR$tiS. ^ife. EI2 (B> 6c*5l5r2RF-^b 

[0 05 2 ] ^LX. ffl^Kh7>X>:;>..~-!f2 o-cffe 

i>t. mz (c) <Dci:5cc^n^$n-5o c(Di^m^mt 
u V p:i^ h 1 3 (o?rL<*iifi^^f&fflij^^© 1 6 xmm 

[0 0 5 3 ] F ':':7'-7>^:7 hjStj^ ^^gegl lpi^;g.g^ 
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[ 0 0 5 4 ) S/c. fi§?gi£i*SK^:mffi'J^^|g 1 6 T' 
{*1 2CDrfL*^B#F^0c??-C*S?)^C<b;<;^-C#^. Cm& 

mmim^ i 2<DB#re^ t tcfcw^>i^fi$:m ( t ) <b-r€) 

[0 05 5 ] 
10 [^1] 

i»(f) - pjv{;c • r>*44 (i) 

[0 0 5 6] ( 1 ) ^;^^6i?uf*S5© 1 1 ^rjTun^B^H t 
c?:)S£Sm (t) :iKmcmti^^^Ct^ix^i>o 

[0 05 7 ] 
* [&2] 
(2) 



[0 05 8 ] (2)^J:«9. K :7*^^WjSrlS«it 1 

50msec-'100msec mS[(Dm^m&xm> C 
«h:?&sr#5« t^SMSfeftl 2ii?^{*i2^ (Rg) i i 

it. mmmm(Dm.m^^^Bmiti^xmm(^cjs^^^c t 
i)^xti>o:>x. mmmizoymM^m-^im. 

[ 0 0 5 9 ] :^mmc%i. K y''y^m=^'<^ikm 

itl 0^mi^xmW{6.h'y>y.iyz^—^2 030>^^JJS^ 

[ 0 0 6 0 ] H 3 t^fiWjg©IIM®il4#a%7j^Ti«8IS 
[0 06 1 ] CCD^mirCmi^fc K "7-^^^ig?fifeMit 

1 0 \mm.^miRmm^^ 1 9 j: d s^ss h ^ s;> 

kH 2:0^?>aMH2. mti2MHz ^r'5 kHzglJ^ 
r S iiiWtCij||gi5|3:^-C J; ^ tC L/C feO^fflC * /c. 

[0 06 2 ] m'^'i&OSmmi^Umkt. 2 5 0 m m (^XO 

^:y\yy^mM(09m(^m'^m h ^ >>^s>^ 2 0 ^rts 



X$>h. m:^m'<&^ibkUzm^xmtm:fctt(0 
SM?ScDiSi^?fiaft5tIh. i . j ^r^-To 
[0 06 3 ] a^&cDli®Sill*.^r(i. uxjpi 
<DMJ1;C>^9. 5mm. 11. 5mm, 13mm<D3jffiS 
30 ^m^Lfc. mSit. MilQ. 5mmCD;=^.'r>U:^JH^C 

<D#ttJa*ffi^||&t3:. 0. 2 5 MHz. 0. 5MHz4dJ:C>' 
IMHzr&O. -ecDi^?SSa^.6i, ^?-^h. i, j 

[0 0 6 4 ] 113Cc4dl^T. f5^Ef71 , m. nti. 

40 mcDl/2fg, HS*5j:^3/2{ScDSigS(fiiS>S:S^ 
[0 06 5 ] 03:^)^6. «?iJx.til MH z (DiS^fe h -7 > 

ji^9 1 0 k H z(^m:^miim^mmuxm.mn 
[0 06 6 ] '^Xi-c. m 3 tc^s tifcm'^r&omm^iiirc 

S-^t. iiJ19. 5mmCDi^^ (F^tSl 5 0mm) © 
50 iS(*lgS*fflSL, h^>::^f^^— 9-2 0CD?#14 
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^2 oi)^bHm$ti?>m:^mr&fsi.fo ^9 i o kHztc 
[0 06 7 ] c(Dm^vsm-c'iWhtitc^mmmw<Dmm 

©iti'JsSti. 60nim~150m mtcfcl^-r trite r>/c. 
^iSCDSiftSeeo'gcf.C^gpj: 10 ^mm ( 0 min~6 0 
mmCDiEH) TH, ^fHmOoLi i,m^m(DS.m(Dtc^ 

SI5J:»J5fe:^fl!iJ©«'J5cMl^r«. »aiJ5gm i 2©iJS;jI^5- 

[006 8} C<D^i^jJiiia^>lUflliO*^6. 

1 F*3 ^iTuia S^SSiJ^acfr 1 2 ODajS^rffiS J: < . IS^M 
[ 0 0 6 9 1 EI 5 «*^|§{C^&^, K 5- :?'^^fi^igS6S 
[0070] c<D^SSJf5g|«:7j^$ ihfc K 

[007 1 ] L*>L. ^ftseti Komm^k^it^-^i 

c t <ctmm,mat^-s]^x^$> o , 8£<*i2e i i <omm.^ 

2 0<DiR#ftffi?:^{b$1fSCi{Cj;«3, }#fc1±fct>© 

[0 07 2]m2mmmBM. a^jgh^>^i^^— 

2 0 6 #6tg $ n ® nVW X © A Wft K a ^ AS^t ft 

DafiBis^*ig4 0 r-iagss^o. sfeftieg i i ©nistc 

^. » 1 ^iSJg.^CCTnSn/c K :77JC®^ig?ij£Mit 1 

[ 0 0 7 3 ] n 5 {cth? nfc K v'^^^^immf 1 

0A«, 1 9 CCR^T AWftiSgSS 

[0074] xmnmBik^^mA o «. mt^^m i i 

>Xi;'^-i^-2 oi. c:©ffl$j^h7>;^y*--t^2 0 
nsa^?g-'N-;l/X©At*ft^a ^iglgp^ dT 
finite ASfft^f^iS^g 4 1 i. ^tofiSSn/cAWA^^ 
©3EHF«3«:. «?9^t3:AS4ftSQ:*5 5g-4 5g©ftSm 

^^xmMmi^sS!M^&4 3 i . Birias£<*ie^ i i rt© 

x3-©^s<&ffliiib. ieteT^.is«2g^Sfliai^iR4 
4i<srffl^. ss*«^iflai#ia4 4-cjsui$n. sstt 
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[0 07 5 ] MiEAi*fti@gp^^^lS4 0 it. XSiM^ 
4 1 Aifi^i^© AS-lft tt a 5 S~ 4 5 gcDlS 

:^V>zu^^2 0 ©K^^ft a^i^SM t nc -5 J: ^. (c @ wm 

J: 0 ■e?R «x 7" -i- f > i/* - ^ 4 6 ^©iXff ft ^MiS^ 

[0 07 6 ] ie^i^h7>X5^*— !f2 0*»e>f6S$n 
?.fflWjg©A*tftKa«. ?j£{$|3@l i(o's^m<om^ 

?gh7>x-:>*— If 2 o*>e.^ffi$n«>jaw?g-'sji/;^© 

^SfeG5-tiSJ;^i,c. ^!t£ftS*sASjftig|fip^5t#^K 

4 0t?s:5esn.2,. 

[0 07 7 ] A*tftSlgptS^^fS4 0 ffl^jg? h 7 > 
20 1?-2 0A^6^J)iSn.&fi#i^-'Sjl/;^©A*fftS 

*AS4ftgl}ftm«4 lA^fb<Dmtimmcj:ir)m5m-4 

5 Kli©AI4ft<Dft KKHi:«g-c^{h$ -JfTSWie^igtt 
W^g4 4{Cj:>3S»f&?|iS;&ilfiajL. fBtS$-&^, S 

Wj&?ssaHd*S4 4Tiett.§nfcs:wjffi?smi, ^^j^ 

^Sl StcifD^^Sns— ®^?^>'^•J^:^©AWft 
S©}aiW3Mf?tilff A5AWfti)l|gpB9:S*ia4 0 -Cjg*) il b 
?T^cfcnTS^jS^A-;l/X©S®!&;AStft]g*sSIIifi«j(cS 

[0 07 8 ] A«ftgigStS:^#IS;4 0 tcj: h 
30 >:^i^^— 9-2 OA>iE)fai$n^MWiS''>"JUX©A«ft 
]S*:^ftgtCggii5^5£-r-5)C<ttC^O. 1 1 

©M/S*!B5iIfl<j(c^{t$1±/£Hb©i^ffiiJttO. S^jg 
h -5 2 0 75:>e>^fjiS n^,®#ig>:>-;i/>^{c J: 

[0 07 9] a#?gh7>;:^i?*— t>-2 0*^65%®Sn 

Sja§ijg©A*>fts (jtAfta) ^K{t5-a-?,<b, 
!siK*sg:{b-r*. ®^jsettgB«?:ffi^jgij£j8?s©iggfe 

[0080] ^c*$. K V :?'7Sifi#vgg£gtf©S||)5fejg 
S!SI^31!;?^^#© 1 9 i AS4ftiig5^^^g 
4 0 i?:^n^4ltix/c^?rn^b/c*s. l^©K-^7-5 
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[0 08 1 ] iai^Cl»tS4{Cm$nfcK-i;^5S^^ 

j^SSai+lO. 1 0 A«, S^jg^ySjUXia^i^xn- 
±^iii>tcmat, wi^MLoym.. OL^rttfflWjg^h 

[ 0 0 8 2 ) -E-C-C. Bee 1 1 F«3*iJgn€,|ail<J^ijfe» 1 
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[00 8 3] 
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[008 6] c (ommmmicnk^tifc k y^^^m^i^ 

WMni OBtt. E6tC7n-rj:5tC. fiS»ie« 1 ll^?r 

[ 0 0 8 7 ] C © K -^'^^^jgaSfift 1 0 BT-«, 
S^jg^K*!^ (S'J^ML) {ca^ilfi-^i? hJl/V, 

i nar-f!|f3»T^.CiCCj;i3. SSf^ie® 1 l©|it:)^[6j 

( 0 0 8 8 ] C© K 7'7 3:ja«iSiiSfif+ 1 0 Br-{±, 

M«'JSii£($ 1 2 (Dmntiwtm^m 1 1 ic^tf -c^ctitg 

^.iiSftie^i 1 rt«:J4iHliiS^^n*s8iEi*i5e 1 mr- 

^i-v, «|gS'JSiJS<* 1 2 omm'^i' h )iy , <ti5ic^i6] 
1 2<D^f&<Dm&it:^^tj:mimm i i ©WT^i^jii 
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F 7 > X 5^ ^ — 9- 2 0 tcS* b {i!j:&©jB^iK F 7 > X 

y a —9- 2 0 a *sfe^*ig's 1 1 ±Tai^x^^mmtr 

[0 09 1 ] COfcSb. F ^" 7 ^^jg?jlcfiit 1 0 B 
{*. <fe*© F-7>;^>?:x— 9-2 0 a?r— 5^©4a^j^f- ^ 
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[009 2] 138 «:^3n/t K f T-^^^jg^SfeSit 1 
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^fS3ti^>ai^ig-'Sji.x©AW:!5ifi)*5vjij(^ggig 1 1 
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